SUMMARY Electrophysiological tests were performed in three patients with surgically corrected tetralogy of Fallot (mean age at evaluation 25 years, mean age at surgical correction 4 years) who had had either a cardiac arrest or transient neurological disturbances (presyncope, syncope) associated with ventricular arrhythmias. All three patients had an excellent haemodynamic result from surgery as judged by echocardiography and cardiac catheterisation. Ambulatory electrocardiographic monitoring and stress exercise testing were normal in two patients and showed complex ventricular ectopy in one. During invasive electrophysiological evaluation all three patients had inducible ventricular tachycardia (monomorphic QRS in two patients, cycle lengths 230 and 240 ms; polymorphic QRS in one patient, mean cycle length 200 ms) with adverse haemodynamic effects in all three patients.
Sudden death has been reported in 1-4% of patients followed for a decade or more after corrective surgery for tetralogy of Fallot. 1-3 Two principal mechanisms of sudden death have been suggested in this group of patients: (a) progressive abnormalities of the atrioventricular conduction system4 and (b) ventricular tachyarrhythmias.5 Although the principal cause of sudden death in these patients has not been established, several risk factors have been identified, including the presence of postoperative right bundle branch block and left axis deviation4; residual ventricular septal defect or right ventricular hypertension' 2 6; the presence of ventricular ectopy at rest or during stress exercise testing2 5 6; and older age at operation.3 5 Requests for reprints to Dr Ann Dunnigan, Department of Pediatric Cardiology, Box 94, Mayo Building, 420 Delaware Street, SE, Minneapolis, Minnesota 55455, USA.
Accepted for publication 14 March 1984 In patients with surgically corrected tetralogy of Fallot, spontaneous ventricular arrhythmias occur during ambulatory electrocardiographic monitoring and stress exercise testing in 20-400/o of patients. [5] [6] [7] [8] [9] In addition, recent studies using programmed electrical stimulation have shown inducible ventricular tachycardia in patients with surgically corrected tetralogy of Fallot, both with101' and without12 spontaneous ventricular tachycardia. These findings5-12 have been interpreted as supporting the view that late sudden death after correction of tetralogy of Fallot may result from ventricular tachyarrhythmias. To date, however, it has not been possible to confirm this view since neither electrocardiographic evidence during spontaneous cardiac arrest nor electrophysiological evaluation of a surgical survivor resuscitated after cardiac arrest has been reported.
In this study we evaluated electrophysiologically a late survivor of surgery for tetralogy of Fallot who was resuscitated after cardiac arrest. We also studied two other patients with syncope and presyncope. All three Programmed ventricular stimulation with eight paced beats (S1 500 ms), and three premature stimuli (S1S2 280 ms, S2S3 230 ms, S354 200 ms) resulted in induction ofa rapid monomorphic ventricular tachycardia. The cycle length ofthe tachycardia varied in the firstfew seconds after induction then became regular as in Fig. l(b either by intracardiac burst ventricular pacing or direct current cardioversion. After the administration of procainamide, however, one patient (case 1) had an increase in his ventricular tachycardia cycle length to 270 ms, which allowed successful right and left ventricular endocardial mapping. The earliest endocardial activity recorded in this patient was from the anterior mid-right ventricle. In the other patients (cases 2 and 3), however, pharmacological manipulation did not result in a lengthening of tachycardia cycle length, and endocardial mapping during ventricular tachycardia was not possible.
In an attempt to select a pharmacological regimen that would prevent recurrences of ventricular tachycardia serial electropharmacological testing was performed (Table 2) . Oral procainamide administration in two patients (cases 1 and 3) resulting in steady state trough serum concentrations of 9 and 12 mg/l was successful in preventing recurrent tachycardia in only one (case 3). In the patient in case 1 a procainamide serum concentration of 17*6 mg/l after intravenous administration during catheterisation resulted in the suppression of inducible ventricular tachycardia. Nevertheless, the oral dose of procainamide required to achieve this serum concentration produced unpleasant side effects, and the patient in case 1 was treated with amiodarone (600 mg daily for 5 out of 7 days). This patient (case 1) has had no recurrences of previously frequent episodes of ventricular tachycardia in nine months of follow up. The patient in case 2 had no inducible ventricular tachycardia after an oral loading dose of the investigational antiarrhythmic drug, bethanidine sulphate'7;
he has been free of palpitation and syncope while taking this drug, although follow up ambulatory electrocardiographic recordings showed a persistence of polymorphic ventricular extrasystoles with couplets.
Discussion
The major finding of our study is that rapid sustained ventricular tachycardia was induced by programmed stimulation in three patients who had excellent haemodynamic results after surgical repair of tetralogy of Fallot but who suffered transient neurological disturbances or cardiac arrest. The rapid ventricular tachycardia with adverse haemodynamic effects, similar to that induced during the laboratory study, was presumably the basis for the presyncope, syncope, and cardiac arrest; this was confirmed in one patient. Our results support the idea that ventricular tachycardia with consequent haemodynamic compromise results in cardiovascular collapse in these patients after surgical correction of tetralogy of Fallot, a finding analogous to that reported in patients with other forms of heart disease who survived life threatening ventricular arrhythmias.'4 [18] [19] [20] The difficulties inherent in the diagnosis and management by non-invasive electrocardiographic testing of patients with symptoms of presyncope, syncope, and cardiac arrest are indicated by our patients, two of whom had normal ambulatory electrocardiograms and stress exercise tests. These findings emphasise the need for invasive provocative electrophysiological testing in diagnosing arrhythmias in symptomatic patients after repair of tetralogy of Fallot. Additionally, standard doses of conventional antiarrhythmic drugs were successful in suppressing inducible ventricular tachycardia in only one of three patients, stressing the role of drug testing using programmed ventricular stimulation as an aid in the management of these patients with ventricular tachycardias.
All our patients had minimal atrioventricular conduction abnormalities, but none was sufficiently severe to explain symptoms of presyncope or syncope. The clinical significance of atrioventricular conduction abnormalities in patients after repair of tetralogy of Fallot has not been fully determined. 21 Since first suggested as a mechanism of late sudden death in surgical survivors,4 abnormalities in atrioventricular conduction in asymptomatic patients after repair with excellent haemodynamic results have been frequently reported.22 23 Deanfield et al, however, suggested that conduction abnormalities may not play a role in sudden death since they found a structurally intact atrioventricular conduction system at histological examination in three patients after sudden death. 24 Recent reports have emphasised the presence of inducible ventricular tachycardia in patients who have had surgical correction of tetralogy of Fallot. Horowitz et al studied four patients with documented ventricular tachycardia after surgery for tetralogy of Fallot.I0 The ventricular tachycardia had a similar QRS morphology in each of their patients (left bundle branch block), and endocardial mapping showed the earliest ventricular activity to be in the right ventricular outflow tract, suggesting that the ventricular tachycardia in their patients originated at the site of the previous ventriculotomy. Kugler et al reported their findings in three asymptomatic patients after surgery for tetralogy of Fallot who had not had documented tachycardia. 12 All three patients had inducible ventricular tachycardia, and in contrast to the results of Horowitz et al,'°they found the earliest endocardial activity to be in the inflow-septal portion of the right ventricle rather than the outflow tract. Our results suggest that the pathophysiological basis for ventricular tachycardia may not be the same in each patient with ventricular tachycardia after repair of tetralogy of Fallot. In two of the patients we studied a uniform QRS morphology during tachycardia was present, suggesting an identical site of initiation for each cycle of tachycardia; in one of these patients endocardial mapping showed the earliest endocardial activity to be in the mid-right ventricular free wall. The third patient had polymorphic ventricular tachycardia, suggesting a continuous change in the pattern of ventricular activation. In the necropsy study by Deanfield et al several focal regions of extensive fibrosis were identified in the right ventricle in five of six patients after sudden death after surgery for tetralogy of Fallot; the fibrosis was confined to the ventriculotomy site in three patients, to the ventricular septum in one, and to the outflow tract patch in one.24 These necropsy findings provide an anatomical basis for the variable electrocardiographic characteristics of ventricular tachycardia in the patients we studied as well as those reported by Horowitz et al'0 and Kugler et al. 12 Previous reports have emphasised that residual haemodynamic abnormalities in patients after repair 205 of tetralogy of Fallot predispose to an increased risk of sudden death.1 2 6 23 25 Nevertheless, our results show that even patients with normal or only mildly abnormal haemodynamic indices may develop serious ventricular arrhythmias. In all our patients cardiac function was normal and they were considered to have had an excellent haemodynamic result from surgery.
